INTRODUCTION
In 2004, the worldwide installed capacity of grid-connected wind power exceeded 50 GW, corresponding to an investment of approximately €50 billion [1] . Most of the development thus far has taken place on land-based sites, but future development will involve an increasing offshore fraction. At the end of 2004, the total installed capacity of offshore wind energy was 610 MW with all of the current installations in shallow water less than a 20-m depth [2] .
Offshore wind holds great promise for expanding wind generation capacity. In Europe, the amount of space available for offshore wind turbines is many times larger than onshore. The potential for wind energy is therefore also considerably greater. As such, plans to expand offshore wind in Europe are well underway, especially in countries such as Denmark, the United Kingdom, and Germany. In the U.S., there have not yet been any offshore wind installations, but two significant projects with a combined capacity of nearly 600 MW have already been proposed and are now in the permitting process.
Existing projects in Europe have proven to be valuable in demonstrating offshore wind energy on a large scale and have gained important technical experience that will be applied to the generation of offshore wind turbines. Not all the experience gained has been positive. The costs of offshore projects have exceeded projections in some cases by underestimating the cost of unanticipated early repairs and presuming onshore accessibility and reliability statistics will hold true for offshore. Increasingly, designers of offshore wind turbines will have to adjust designs to accommodate the unique offshore conditions. Along with these technical challenges, developers of offshore wind projects are required to analyze environmental conditions of the specific site. The range of analyses involves submitting permit applications, conducting baseline data collection, preparing environmental impact assessments, and conducting pre-and post construction monitoring studies. The methodologies to carry out these analyses are varied in scope, timeframe, and funding, depending on the national regulatory requirements and location.
There is a recognized need to compile credible ecological data for a variety of offshore sites and explore how the existing, site-specific data can be used to facilitate streamlined planning and approval processes. Environmental and regulatory issues are currently a significant obstacle to offshore deployment and will increasingly become a more important factor as the technology matures and greater numbers of deployments are proposed.
Future offshore technology will progress to allow access to deeper waters, which will benefit coastal nations with less shallow seas such as Ireland, Spain, Italy, and Portugal. Outside the European Union, China and the United States have the highest potential, followed by Brazil and Japan [3] . In the United States, preliminary estimates of offshore wind resources indicate immense areas of Class 5, 6, and some Class 7 winds (USDOE wind classes) at distances from 5 nautical miles (nm) offshore to 50 nm offshore [4, 5] . These estimates indicate that for the U.S., there are over 900 GW of offshore wind resource in deeper waters (30-900 m) compared to less than 100 GW in shallow water (0-30 m), and some shallow water sites might be too close to land for public acceptance. In the U.S. where the burden of electric transmission is great, offshore wind could supply electricity with relatively small demand on the transmission grid. Opening these vast windy areas of deep-water ocean for electric power generation will require new technologies to be developed.
An international collaboration through the International Energy Agency (IEA) is an efficient forum from which to advance the technical and environmental experiences collected from existing projects, as well as the research necessary to advance future technology for deep-water wind energy technology. This free exchange of information and experience will help the offshore wind industry proliferate.
DESCRIPTION OF ANNEX XXIII
In May 2004, the Executive Committee of the International Energy Agency's Implementing Agreement for Co-operation in the Research, Development, and Deployment of Wind Energy Systems unanimously approved Annex XXIII, Offshore Wind Energy Technology and Deployment. The objective of this annex is to conduct R&D activities of common interest to countries interested in offshore wind energy development that will reduce costs and uncertainties. This annex is comprised of two subtasks. Subtask 1, to be managed by RISØ National Laboratory, in Denmark, will focus on critical deployment issues associated with current offshore experience. Subtask 2, to be managed by the National Renewable Energy Laboratory, in the U.S., will focus on far-term issues associated with deployment in deeper water. Figure 1 illustrates the general division between subtasks 1 and 2 within the Annex.
A detailed list of possible topics for collaboration were identified at a Technical Experts Meeting held in Denmark in March 2004, and are listed in the Annex document as a starting point for collaboration. The list was prioritized based on the joint interests of the participants and the appropriateness of the topic for sharing information, and was reduced to four research areas listed below. The United States and Denmark provided in-kind support from NREL and RISØ, respectively, which acted as operating agents during the first year (May 2004 -April 2005) without collecting funds from the Annex members. However, the planned budget in U.S. dollars is approximately $50,000 per year, which will be paid for equally among the number of countries who join the Annex (e.g., if eight countries join, the cost in U.S. dollars will be $6,250 per country per year). Each country may have several participating organizations for a single membership fee, with the hope that more organizations will lead to more robust results. It will be the responsibility of each country to determine how this cost of membership is distributed among the individual organizations. It is expected that the annex will continue for a period of at least three years.
Figure 2 -Annex XXIII Organizational Flow Chart
The stated objectives of this annex are: a) To conduct R&D activities of common interest relating to wind turbine facilities operating in offshore environments in order to reduce costs and uncertainties. b) To identify a number of joint research tasks among interested countries based upon the broad range of issues identified at the Technical Experts Meeting #43 on Critical Issues Regarding Offshore Technology and Deployment. c) To organize several workshops on critical research areas relating to offshore wind deployment issues, including technical research on deeper water structures. The goal of the workshops is to identify R&D gaps in various research areas that are of interest to participating countries, publish proceedings, and identify specific joint research areas needing further investigation d) To identify, in year one of the Annex, interested participants and project leads for each research area, and prepare separate work programs and budgets for each collaborative research area.
CURRENT STATUS

Participation
To date, eight countries have agreed in principal to join the Annex XXIII based on participation in the Subtask 2 activities on codes and modeling, although formal commitments are still needed from many countries. Table 1 lists information by country including contracting party and participating organizations. Issues was also considered a high priority topic but at this time there are no plans to hold a workshop to cover this topic.
Research Area 1: Ecological Issues and Regulations
The areas of collaboration to be discussed at the first workshop are:
• Baseline data and research methods o Develop methods to share baseline data and research methods for pre-and postconstruction studies.
• Impacts on the environment (assessment criteria)
o Summarize preliminary conclusions from environmental impact assessments among nations that have offshore facilities. (This area is similar to one of the objectives of Concerted action for Offshore wind energy Deployment [COD] . This annex will collaborate with these activities whenever appropriate.) o Evaluate potential cumulative effects to the marine ecology. o Compare methodologies and preliminary conclusions from avian and mammal surveys.
• Permitting process o Evaluate streamlining of planning and approval procedures. o Educate the regulators and facilitate interagency cooperation.
• Pre-and post-construction monitoring of operating wind facilities • Public (stakeholder) involvement and acceptance • Decommissioning processes and procedures.
Research Area 2: Electric System Integration
The first workshop in Research Area 2, discussed the technical options and the role of enabling technologies in achieving reliable design of offshore connections. This includes the development of offshore grids for collection and transport of significant amounts of power to the shore and the integration with the onshore transmission network.
Also, cost effective integration of offshore wind generation will require the development of systematic and consistent approaches to resolving a number of technical, commercial, and regulatory issues. These include license conditions, offshore security standards, transmission charges, grid code, connection and use of system codes, all of which were included in the scope of the workshop.
Based on a number of presentations on experiences from existing offshore wind farms and the planning process, the delegates at the workshop in Manchester concluded that the following topics were the most important for further work under Annex XIII:
• Offshore wind meteorology and impact on power fluctuations and wind forecasting • Behavior and modeling of high-voltage cable systems • Grid Code and security standards for offshore versus onshore • Control and communication systems of large offshore wind farms • Technical architecture of offshore grid systems and enabling technologies.
The working title for the working groups covering the subjects is suggested to be: Connection of Offshore Wind Farms to Onshore Grids.
Research Area 3: External Conditions, Layouts, and Design of Offshore Wind Farms
The purpose of the workshop in Research Area #3 is to explore the key issues and highlight the topics related to the following areas:
• Exchange, validate, and evaluate wind resource data and wind maps specific to regions with high potential for wind development.
• Share databases and innovations to enhance measurement accuracy of marine buoys pertaining to long-term sea-state and MET-Ocean data.
• Exchange technical information of wave loading prediction methods and validation experience of wave loading on wind turbine structures.
• Share experience with long-term measurement techniques and instrumentation at offshore stations.
• Evaluate various turbine array configurations in large, closely spaced farms and examine critical parameters such as mutual shadow wake effects, affect on energy production, fatigue, and ultimate loading.
• Exchange technical experience with offshore forecasting to predict wind plant output.
Each of these research areas will be narrowed in scope after a discussion to identify appropriate areas for collaboration among annex participants.
Subtask 2 -Offshore Wind -Technical Research For Deeper Water
The U.S., through the DOE National Renewable Energy Laboratory, will serve as operating agent with Walt Musial leading the Annex. The first meeting for this subtask was held on October 28, 2004, following a workshop that was held in Washington D.C., to determine the research needs for deepwater offshore wind energy technology, sponsored by the USDOE Office of Wind and Hydropower Technologies.
The meeting resulted in a decision to focus the research on Research Area 4 (Coupled Turbine/Substructure Dynamic Modeling) and to hold a planning workshop to design an IEA collaborative research program at the next meeting, which was held on January 12-13, 2005, at RISØ National Laboratory. The official name of this working group is now the Offshore Code Comparison Collaboration (OC 3 ), which is led by Sandy Butterfield of the National Renewable Energy Laboratory.
This meeting was held as planned. There were 25 attendees who made presentations and discussed their structural dynamics codes, and code modifications to predict dynamic response of various fixed-bottom and floating systems under simultaneous wind and wave loading. There are at least six codes under development or modification for more accurate prediction of support structure load modeling. It was agreed that the scope of Research Area 4 should not specify a minimum depth for modeling offshore support structures. All participants were interested in modeling floating platforms and were very interested in participating in a code-to-code comparison. Sandy Butterfield prepared a more detailed plan for this project, which was distributed to the participants. In addition, NREL set up a website to disseminate information for the subtask. This website is only available to members.
UPCOMING ANNEX XXIII ACTIVITIES
The following activities have been identified for the work program of the Annex in the near term:
• 
